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(71) We, TRW Inc., of 23555 Euclid 
Avenue, Cleveland, Ohio 44117, United 
States of America, a corporation organised 
and existing under the laws of the State of 

5 Ohio, United States of America, do hereby 
declare the invention, for which we pray 
that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 

10 following statement: 

This invention relates to rack and pinion 
steering gear assemblies. 

Rack and pinion steering assemblies such 
as those used to control the attitude of the 

15 dirigible wheels of a vehicle have generally 
included a rack bar mounted for axial move- 
ment in a rack tube through which a pinion 
projects transversely, the pinion teeth engag- 
ing the teeth of the rack section of the rack 

20 bar. In order to provide for support and 
alignment of the rack and to maintain con- 
tact between the rack and the pinion, the 
rack bar was supported at one end of the 
rack tube through a sleeve bushing. The 

25 other end of the rack tube normally did not 
provide support for the rack bar, the rack 
bar being contacted by a yoke positioned 
opposite the pinion to urge the rack bar 
against the pinion. Therefore, support for 

30 the rack bar constituted the sleeve bushing 
on one end of the rack tube and the pinion- 
yoke contact intermediate the ends of the 
tube. This provided a movement arm for 
bending forces between the end of the rack 

35 bar unsupported by a sleeve bushing and 
the pinion- 
When the road loads occurred in certain 
situations, the bending moment applied to 
the rack at that length would have to be 

40 absorbed by the yoke bearing in the one 
direction and by the pinion in the other 
direction. When such loads were sufficient, 
damage to one or the other of the com- 
ponents could occur. 

45 The invention accordingly provides a rack 
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and pinion steering gear assembly compris- 
ing a rack housing having spaced apart axial 
open ends, a rack bar projecting through 
said housing axially thereof and projecting 
beyond the axial ends, the rack bar being 50 
axially movable in the housing, a pinion 
rotatable about a central axis which extends 
transversely to a central axis of said rack 
bar, said pinion and rack bar having inter- 
meshing teeth whereby rotation of said 55 
pinion about its central axis imparts axial 
movement to said rack bar, and adjustment 
means for effecting movement of said pinion 
towards and away from said rack bar in a 
direction transverse to the central axis of 60 
said pinion, said adjustment means com- 
prising an eccentric member connected with 
said pinion and rotatable about an axis 
which is offset from the central axis of said 
pinion to effect movement of said pinion to- 65 
ward and away from said rack bar. 

A sleeve bushing can be provided at each 
end of the rack housing so that the rack 
bar is supported independent of the pinion. 
The need for a yoke is etf minated. 70 

In order to provide for adjustability of 
the pinion with regard to the teeth of the 
rack, which adjustability is necessary be- 
cause of the support of the rack at both 
ends of the rack tube, at least one end of 75 
the pinion may be mounted in a spherical 
bearing which is supported eccentrically in 
a housing which constitutes the rack tube 
and the pinion housing. The eccentric 
mount allows for movement of the pinion 80 
towards and away from the rack in such a 
manner as to provide at the same time a 
minimal movement parallel to the rack. 

The invention will be readily understood 
from the following illustrative description 85 
and accompanying drawings, in which: 

Figure 1 is a fragmentary cross-sectional 
view of a prior art rack and pinion steering 
assembly, illustrating the use of a yoke; 

Figure 2 is a view similar to Figure 1 of 90 
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a rack and pinion steering assembly em- 
bodying this invention; 

Figure 3 is a cross-sectional view taken 
along the line III-III of Figure 2, iUustrat- 
•> mg the pinion; 

Figure 4 is a cross-sectional view taken 
along the line IV-IV of Figure 3, illustrating 
the pinion mount; and 
Figure 5 is a diagrammatic view of the 
1U eccentric adjustability of the pinion. 

Figure 1 illustrates a typical prior art 
rack and pmion steering gear assembly 10. 
rhe assembly includes a rack bar 11 having 
axial ends 12 and 13 to which are attached 
Id tie rods 14 and 15. The tie rods are attached 
to the axial ends through articulatable joints 
16 and 17, which allow movement of the 
tie rods with respect to the rack bar as is 
on - 1 ? t 5 t F d at 14a - The tie may terminate 
20 in ball joints 18 for attachment to the dirig- 
ible wheels of the vehicle. The rack bar, 
intermediate its ends, is received axially 
through a rack tube 20 which has a housing 
o<? bu Jge P^on 21 therein adjacent to one 
end 22 of the rack tube. The other end 23 
of the rack tube 20 is spaced from the hous- 
ing bulge 21 and contains a sleeve bushing 
or bearing 24 which surrounds the rack bar 
11 and supports it in the open end 23 of the 
30 rack tube 20. Normally both the open end 
23 and the rack bar are circular as is the 
bushing 24. 

The housing bulge 21 includes an upper 
bulge 30 and a lower bulge 31. The lower 
35 bulge receives, transversely of the rack tube, 
a pinion 32 having outer diameter teeth 33 
thereon- The rack bar contains a toothed 
section or rack 34, the teeth of which inter- 
mesh with the teeth of the pinion. There- 
40 fore, when the pinion is rotated, the rack is 
moved laterally, causing a shifting of the tie 
rods. In order to support the rack bar in 
the rack tube and to assure a contact be- 
tween the rack teeth and the pinion teeth, 
45 a yoke 35 is positioned in the upper bulge 
portion 30 and is urged, as by means of a 
spring 36, against the surface of the rack 
hax opposite the rack. Normally the yoke 
35 is positioned opposite the pinion. 
50 ^The yoke holds the rack against the 
pinion and is usually adjusted to a pre- 
determined clearance. Therefore, the rack 
bar is positioned in the rack tube and main- 
tained in axial position therein by a support 
55 constituting the sleeve bushins 24 and the 
pinion 32 and yoke 35. 

In such prior art steering systems, be- 
cause the support for the rack bar was posi- 
tioned at the pinion and yoke, a bending 
moment arm exists between the end 13 of 
the rack bar and the support point of the 
pinion and yoke. This distance "A" al- 
though subject to change with movement of 
the rack bar, can be large enough to dis- 
65 advantageously affect the stability of the 
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system. At times, the pressure can be great 
enough to damage portions of the system. 
Additionally, a non-desirable function is 
imposed on the pinion in that it becomes a 
load-bearing point which requires additional 70 
and costly design criteria for the pinion and 
housing support therefore. 

Since the tie rods 14, 15 are free to arti- 
culate, as is illustrated at 14a. when road 
loads occur with the tie rod at an angle to 
the rack, the bending moment is applied to 
the rack at the length "A:. This load must 
be absorbed either by the yoke in one direc- 
tion or by the pinion in the other direction. 
The direction of the load is a function of 80 
both the cause of the load, as for example, 
wheel shocks encountered upon dropping of 
the wheel into a hole in the road, and there- 
after jolting out of the hole, and the attitude 
of the wheels at the time of the application 85 
of the load and the position of the tie rod 
with respect to the wheel. The design of 
typical prior art assemblies as illustrated in 
Figure 1 had to take all of these factors into 
consideration in designing the support for 90 
the pinion and the placement and strength 
of the yoke. * 

An assembly embodying the invention, on 
tiie other hand, as best illustrated in Figure 
2 eliminates the use of the yoke and fur- 
ther eliminates the use of the pinion as a 
bearing member. 

As illustrated in Figure 2, the rack bar 50 
is received in a rack tube 51 having axial 
ends 52 and 53. Each of the axial ends 52, 
53 contains therein a sleeve bushing 54 
providing the support for the rack bar. 
Thus, the rack bar 50 is supported by the 
rack tube at either end of the rack tube in 
the bushing 54. The pinion 55 is positioned 105 
below the rack 56 and is received in a 
bulge portion 57 of the rack tube housing 
Because the axial end 58 of the rack bar 50 
closest to the pinion is supported by the 
bushing 54 rather than by the pinion, the no 
bending moment arm mentioned above has 
a length B as opposed to the greater length 
A or the prior art steering linkages as illu- 
strated in Figure 1. 

A yoke such as the yoke 35 of the prior 1 1< 
art linkages functions to maintain the rack 
teeth in mesh with the pinion teeth. Be- 
cause our steering gear assembly does not 
require such a yoke, we have mounted the 
pinion in such a way that it can be moved 
with respect to the rack so as to allow it to 
be adjusted to intermesh correctly. The 
pmion 55 is received interiorly of the bulge 
portion 57 of the rack tube housing per- 
pendicular to the axis of the rack bar 51 
The housing has two openings 59, 60 at 
either end of the bulge area axially of the 
pmion as illustrated in Figure 3. The stem 
62 of the pinion projects through the open- 
ing 59 and an opposite end portion 64 of 130 
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the pinion terminates adjacent the open end 
60 of the housing. The toothed area 65 of 
the pinion is positioned intermediate the 
ends and is aligned with the rack bar where- 
5 by the rack straddles the toothed area of the 
pinion. Spherical bearings 70 and 71 are 
received around the shaft 62 and the cylin- 
drical extension 64a projecting from the 
toothed area to the end 64. The spherical 

10 bearing 70, in the illustrated embodiment, 
is received in a spherical inner diameter 
housing member 73 whereby the arcuately 
curved inner diameter of the housing mem- 
ber 73 mates with the arcuately curved outer 

15 diameter of the spherical bearing member 
70. The housing member 73 is snugly re- 
ceived in the housing 57 adjacent the open- 
ing 59 and supports the shaft 62. 
The spherical bearing member 71 is re- 

20 ceived in a bearing housing member 72, 
which has a mating configured opening 75 
which is arcuately curved to receive the 
spherical bearing 71. The opening 75 is 
positioned off center in the bearing housing 

25 member 72. That is to say that the axis of 
the opening 75 is not die axis of the opening 
in the housing in which the disc-shaped 
bearing housing member 72 is received. 
The bearing housing member 72 is received 

30 in a circular inner cavity area 78 of the 
housing 57 and is maintained therein as 
by means of an outer diameter threaded nut 
74. 

In Figure 4, the axial centerpoint of the 

35 bearing housing member 72 and the opening 
78 in which it is received is indicated at 80. 
The axial centerpoint of the opening 75 in 
the spherical bearing housing member 72 is 
indicated at 81. The difference between 

40 the two, or the amount of eccentricity, is 
indicated at 82. 

In the preferred embodiment, the eccentric 
distance 82 is aligned parallel to the center- 
line of the rack 51 when the assembly is 

45 manufactured. 

By aligning the eccentric distance parallel 
with the centerline, adjustment of the pinion 
with respect to the rack can be accom- 
plished merely be rotating the spherical 

50 bearing mounting housing member 72 a 
slight amount in the opening 78. This rota- 
tion produces a maximum movement of 
the pinion towards the rack with a minimum 
movement of the pinion parallel to the rack, 

55 which could result in mismatch of the pinion 
teeth to rack teeth. This is illustrated dia- 
grammatically in Figure 5, wherein the axial 
centerline of the spherical bearing mount- 
ing housing 72 is indicated at 80, and the 

60 assembled centerline of the opening 75 is 
indicated at 81. It can be seen that by rotat- 
ing the mounting member 72, the centerline 
of the pinion will be moved towards the 
rack by the distance "C" where it is moved 

65 parallel to the rack only by the distance 


**D", the rack centerline being indicated at 
90. It is to be understood that one or both 
of the bearings may be adjustable and that 
the spherical bearings illustrated may be 
different; for example, they may be the outer 70 
race member of a ball bearing assembly. 

WHAT WE CLAIM IS: 

1. A rack and pinion steering gear 
assembly comprising a rack housing having 75 
spaced-apart axial open ends, a rack bar 
projecting through said housing axially 
thereof and projecting beyond the axial 
ends, the rack bar being axially movable in 
the housing, a pinion rotatable about a cen- 80 
tral axis which extends transversely to a 
central axis of said rack bar, said pinion 
and rack bar having mtermeshing teeth 
whereby rotation of said pinion about its 
central axis imparts axial movement to said 85 
rack bar, and adjustment means for effecting 
movement of said pinion towards and away 
from said rack bar in a direction transverse 

to the central axis of said pinion, said ad- 
justment means comprising an eccentric 90 
member connected with said pinion and 
rotatable about an axis which is offset from 
the central axis of said pinion to effect move- 
ment of said pinion toward and away from 
said rack bar. * 95 

2. An assembly as claimed in claim 1 in 
which the pinion is rotatabiy supported in 
the housing by a plurality of bearings of 
which at least one is a spherical bearing 
received in the eccentric member, the eccen- 100 
trie member being rotatable in die housing 

to change the position erf the spherical bear- 
ing with respect to the rack bar. 

3. An assembly as claimed in claim 2 in 
which a second of the bearings is a spherical 105 
bearing, the outer surface thereof being re- 
ceived in a mating mounting member sup- 
ports the pinion in the housing on the oppo- 
site side of the rack bar from the first men- 
tioned spherical bearing. 110 

4. An assembly as claimed in claim 1, 2 
or 3 in which the rack bar is mounted in 
bearing bushings received in the housing 
adjacent the axial ends thereof, the bushings 
slidably supporting the rack bar in the hous- 115 
ing while preventing non axial movement of 

the rack bar in the housing. 

5. A rack and pinion steering gear 
assembly comprising a rack housing having 
spaced-apart axial open ends, a rack bar 120 
projecting through said housing axially 
thereof and projecting beyond the axial 
ends, bushings received in the housing ad- 
jacent the axial ends thereof, the bushings 
slidably supporting the rack bar, a pinion 125 
projecting transversely of the rack bar 
through said housing and having teeth inter- 
meshing with the rack bar, a bearing on 
each side of said rack bar rotatabiy sup- 
porting said pinion in said housing, at least 130 


one of the bearings being eccentrically 
mounted in said housing, the eccentric dist- 
ance between the centerline of the one bear- 
ing and the centerline of the pinion lying in 
3 a plane parallel to the centerline of the rack 
bar, the eccentrically mounted bearing being 
a spherical bearing having a spherical outer 
surface received in an opening in a mount- 
ing member, said mounting member having 
10 a cylindrical outer surface eccentric to the 
opening and rotatably received in a cylin- 
drical portion of the housing, and means 


restricting rotation of said mounting mem- 
ber. 

6. A rack and pinion steering gear 15 
assembly substantially as herein described 
with reference to Figures 2 to 5 of the 
accompanying drawings. 

POLLAK, MERCER & TENCH, 
Chartered Patent Agents, 
Audrey House, Ely Place, 

London EC1N 6SN. 
Agents for the Applicants. 
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